Telemetering of Biological Data in Man and Animals [Abridged] Dr W Grey Walter (Burden Neurological Institute, Bristol) Telemetry ofElectrophysiological Data in Human Subjects The term telemetry is used in many senses. The procedure may involve the use of a 'radio pill' to follow variations of intestinal conditions over short distances to avoid insertion of wires or catheters, or the transmission of complex data over moderate distances by a radio link or the intercontinental exchange of physiological information through telephone cable or satellite links. It is experiences with the last two of these systems which will be described here.
Short-range Multi-channel Radio Telemetry ofEEG and Evoked Responses Experiments were made with the unit developed by A Kamp and W Storm van Leeuwen of the Medical Physics Institute TNO, Utrecht, Holland. This provided 8 channels and a 16-channel model is now available. The details of the technique and some results obtained with free-ranging subjects have been described elsewhere (Walter et al. 1967) . Briefly, the radio telemetry (RTE) system employed an 8-channel pre-amplifier driving a pulse-position sub-modulator leading to a frequency modulated (FM) transmitter. The centre frequency of the radio signal was 104 MHz and the total bandwidth for the eight channels was about 400 kHz. The whole unit with batteries weighed 200 g and measured 1Ox 6 x 4 cm; it was worn strapped to the head. The 3 cm antenna provided enough power for a range of about 30 metres. The FM receiver was specially modified to operate at low signal strengths and the output from this was connected directly to a conventional 16-channel EEG machine. The time-constants of two channels of the RTE set were lengthened to 7 seconds in order to obtain records of slow potential changes.
The records obtained with this arrangement were indistinguishable from those with direct connexion. An important feature of the modulation system is that when drop-outs occurred (for example when the subject moved out of range or behind a screen) these were obvious in the records and did not resemble any physiological event.
In particular it was easy to record and compute responses evoked by controlled 'stimuli and to identify the contingent negative variation (CNV) when the subjects were performing everyday tasks and actions such as psychological tests, riding a bicycle, or playing ball. In order to provide stimuli synchronized with the operation of the computer, the timing pulses from the latter were applied to the modulated carrier of a small commercial radio-control set operating on 27 MHz. The subject (or an experimenter in some situations) carried the corresponding receiver in a pocket and wore a hearing-aid earpiece in which the pulses from the computer could be heard as clicks or tones. A simple code with these signals provided, in effect, sets of conditional or warning and unconditional or imperative stimuli. In this way the subject's actions could be synchronized with the operation of the computer. The subject was also provided with a button connected to the radio-control receiver; pressing this button arrested the tone when this was an imperative stimulus.
Apart from the simple fact that this very small and trustworthy RTE system can provide satisfactory records at high gain in almost any real-life situation without inconvenience to the subject, several operational lessons can be learned: (1) For the study of the EEG, and particularly of evoked responses and the CNV, it is essential to telemeter at least 8 and preferably 16 channels. This is because in free-ranging subjects the incidence of contamination by extracerebral sources is likely to be much higher than when people are stationary and tethered by the usual input cables. Movements of the head and eyes, EMG potentials, contact with external objects and variations in radio signal-strength are inevitable accompaniments of freedom, and the subjects are often out of sight of the experimenter. Surveillance can be maintained by closed circuit TV but this is sometimes impossible or improper. In order to monitor all likely sources of contamination records should be obtained of stimuli, skin potential and resistance changes, eye movements, pulse rate, respiration and EMG from head, neck and operant muscle groups. These precautions alone require 8 channels leaving only 8 for the variables of primary interest.
(2) In order to ensure recognition of contaminants and artifacts the modulation and channel allocation systems must indicate drop-outs and overloads so that these do not mimic any event of biological importance. For example, simple FM systems often respond to over-modulation with a 'wave and spike' pattern similar to that seen in minor epilepsy. The TNO Utrecht system is satisfactory in this respect.
(3) The study of cerebral accompaniments of higher nervous activity involves the computation of persistent as well as transient phenomena.
The overall time-constant of the system must therefore be as long as possible, certainly not less than 5 sec. Direct coupling would be desirable but this presents serious difficulties. (4) Since the most interesting work with telemetry is likely to provide data for computation, some device must be available for synchronizing stimuli and signals presented to the subject with computer operation. This can be the simple radio link described above or a more elaborate speech transceiver. It would be desirable also for a calibration pulse to be transmitted through this link and injected at the input of the RTE pre-amplifier. Computation usually involves elaborate manipulation of data and a standard calibration pulse is almost indispensable in order to preserve information on both amplitude and polarity. This also presents some difficulty if the size and complexity of the RTE unit is to be kept down.
(5) The cost of radio telemetry equipment is about the same as that of the standard EEG through which it operates. The value of the system is more than twice as great as the conventional arrangement.
Long-range Data Exchange The first international experiment in this field was performed on April 25, 1963, between Dr Reginald Bickford in Minneapolis, and a group at the Burden Institute in Bristol which included Dr Charles Ray (Ray et al. 1965) . A single channel was used with a Magnavox FM modulator, the centre frequency being 1,500 ± 200 Hz. This was coupled to the Post Office telephone line through an isolation transformer and a call was booked in the ordinary way. EEG data were transmitted both by cable and by Satellite Relay. Brain responses were recorded and computed simultaneously in Bristol and Minneapolis and the averages obtained in Minneapolis were transmitted back to Bristol for comparison with the local computations. The correspondence was adequate for measurement and the only difficulties and limitations were due to the reluctance of the American Cable Company to accept 'data' since they had only a speech franchise. It was necessary to refer to 'speech from the brain'. The only satellite available then was Relay which was not synchronous so that the time available for exchange was limited.
These experiments together with others at the same period showed that on-line data exchange was perfectly feasible. In this way information can be exchanged for comparison and computation between any telephone terminals in the world. A 'conference call' booking provides for a number of simultaneous two-way channels. The expense is considerable since most experiments are longer than the average phone call and preliminary calibration and administrative discussions add to the cost. In principle, data stored on tape either in analogue or digital form could be transmitted more rapidly but the rise in the frequency and bandwidth would require a higher carrier frequency and channel capacity than would be acceptable by the standard telephone specifications.
The operational need for data exchange and analysis over long distances is not as great now as when these trials were made since local computer facilities are cheaper and more readily available than the international cables and satellites. In both these varieties of telemetry there are economic, legal and administrative as well as technical limitations. These vary from country to country and in fact neither system is strictly legal in some countries.
